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Abstract 
This paper presents a design and build of a double sided Linear Induction Motor (DSLIM) which is 500 W.,           
300 Vmax 50 Hz. power rating. The control Technique of the averaging Space Vector Pulse Width Modulation is 
applied into a 3 Phase Voltage Source Inverter using a real time control interfacing board (DS1104) from dSPACE 
GmbH Germany and utilize by MATLAB/SIMULINK program. The experimental results show that the prototype 
model of DSLIM together with 3 phase voltage source Inverter are operated successfully and effectively. It can 
control the DSLIM correctly both in motor speed and rotational control. 
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1. Introduction  
Nowadays, the Linear Induction Motor is widely use in industrial applications. Therefore, there are 
many kinds of such machine in its construction together with various control schemes, which is become 
interesting. In this paper, a Double Side Linear Induction Motor is chosen in order to build as a prototype 
of a laboratory scale of locomotive model. This will be operated with a proper control scheme in order to 
control effectively. 
Normally, Sinusoidal Pulse Width Modulation (SPWM) Inverter is generally use in industrial. It has 
an advantage on a simply V/F control technique and a predictable harmonics contents that generated on 
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output line voltage of the inverter. However, it also has some disadvantage on the amplitude of the rms 
value of the output voltage, which is only 61.25% of the input DC Voltage source. 
Space Vector Pulse Width Modulation (SVPWM) Technique is a novel method for generating PWM 
control signals that suitable for 3 Phase Voltage Source Inverter in order to produce smoother output 
torque of motor load. Furthermore, SVPWM has an advantage over the SPWM due to a 15% addition of 
an output rms voltage at the same DC bus voltage. In general, SVPWM has mainly two forms in 
generating such PWM control signals. Firstly, it called as a carrier based SVPWM model, secondly, it 
called as a real-time calculation model. In this paper, a carrier based SVPWM applied with 3 phase VSI 
to control a laboratory scale DSLIM locomotive model has been carried out.  
2. Theory and The Composition of The System 
2.1. Three Phase Voltage Source Inverter 
The 3 phase Voltage Source Inverter that presented in this paper is to produce a suitable voltage and 
current to 3 stator coil of the DSLIM motor. The circuit of such 3 phase VSI comprise of 6 of IGBT, 
which acts as power switches. These power switches must be controlled by an appropriate PWM patterns 
from an electronic controller board, such as SVPWM control signals as mentioned above. 
 
 
 
 
 
 
 
Fig. 1. Circuit diagram of 3 phase VSI 
As shown in Table 1, SVPWM control signals will controls the VSI in 8 switching states (V0-V7). 
However, only six switching states (V1-V6) can produce an output phase voltage. A B and C in such 
 ON, 
phase is OFF, and the lower switch on such phase is ON.  
Table 1. Switching patterns and output phase voltage 
Name A B C VAn VBn VCn 
V0 0 0 0 0 0 0 
V1 1 0 0 2VDC/3 -VDC/3 -VDC/3 
V2 1 1 0 VDC/3 VDC/3 -2VDC/3 
V3 0 1 0 -VDC/3 2VDC/3 -VDC/3 
V4 0 1 1 -2VDC/3 VDC/3 VDC/3 
V5 0 0 1 -VDC/3 -VDC/3 2VDC/3 
V6 1 0 1 VDC/3 -2VDC/3 VDC/3 
V7 1 1 1 0 0 0 
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From Table 1, the space vector of arbitrary voltage referred to the three phase voltage can be drawn as  
a is an arbitrary vector that referred to electrical angle, which is 
je  
CnBnAn vaavvV
2
3
2
  (1) 
It can be seen that there are 8 space vectors, but, there are only 6 of active vectors and there are 2 of 
zero vectors of output voltage. The diagram of the space vector of output voltage that produced from such 
VSI is shown in Figure 2. 
 
Fig. 2. Space Vector diagram of the output voltage 
2.2. Space Vector Modulation 
Voltage reference signals 00 , BA vv and 0Cv  for space vector modulation can be calculated from a 
summation of Zero Sequence Voltage 0nv  and phase voltage BnAn vv , and Cnv . The detailed are express 
as follow: 
cosAvAn   (2) 
3
2cosAvBn   (3) 
3
2cosAvCn   (4) 
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Zero Sequence Voltage 0nv  is calculated from: 
0000 3
1
CBAn vvvv   (5) 
CnBnAnn vvvmedianv ,,2
1
0   (6) 
      Voltage reference signals 00 , BA vv  and 0Cv  are calculated from:  
00 nAnA vvv   (7) 
00 nBnB vvv   (8) 
00 nCnC vvv   (9) 
      Inverter gate driving signal are obtained by Comparing 00 , BA vv  and 0Cv  with saw tooth voltage 
signal. 
2.3. V/F Constant Control 
      The main concept of V/F controlled for an AC induction motor is to control a speed of an AC 
induction motor at under rated speed. This speed control is the same as how to control a separate-excited 
DC motor. The best method for controlling a speed of an AC induction motor is to vary a driving 
frequency. However, a magnetic flux is unstable. To correct this problem, the ratio of voltage and 
frequency is maintained along the under rated speed region. The speed equation of an AC induction motor 
with V/F controlling is described as follow: 
fVs 2   (10) 
Where sV  = linear synchronous speed (m/s) 
  f  = driving frequency  (Hz) 
    = pole pitch  (mm) 
 
     After consider equation (10), it is found that the speed of an AC induction motor is depending on a 
driving frequency. Therefore, a varying only a driving frequency for an AC induction motor causes a 
magnetic flux unstable. As a result, a motor torque output is also unstable as shown in equations (11) and 
(12) respectively. 
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f
Vph
m 2   (11) 
rme I
PT
2
3
  (12) 
Where m  = magnetic flux 
  phV = phase voltage  
  eT   = electromagnetic torque   
  rI   = rotor current 
2.4. Linear Induction Motor Controller 
      The dSPACE control board has built in digital signal process (DSP) for computing numerical 
program. The programs are write base on MATLAB / SIMULINK platform Instead of programming in 
complicated languages. Furthermore, it can instantaneous changed the value of the control system 
variable in Real Time via Control Desk. It not required stopping the operation of the device or circuit. 
 
 
Fig. 3. Diagram of System Controlling Program 
 
Fig. 4. Control Desk programming Panel 
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Fig. 5. The components of propose prototype system 
3. Experimental Results 
In this section, an experimental results of double sided Linear Induction Motor (DSLIM) were 
d arameters are shown in Table 2. 
Table 2. Induction Machine Parameters 
System Parameter Value 
     Stator Resistance  (Rs)         
     Stator Impedance  (Xs)         
     Rotor Resistance  (Rr)         
     Rotor Impedance  (Xr)         
     Magnetizing Impedance  (Xm)         
     Pole Pitch  ( )        99 mm 
     Pole        8 
     Number of phases         3 
 
     Figure 6 is shown a relationship between phase reference waveform VA0 versus VB0. Figure 7 is shown 
a relationship between phase reference waveform VB0 versus VC0. These phase reference voltage signals 
are SVPWM which was generated from MATLAB/SIMULINK using real-time controller card. Figure 8 is 
a gate driving signal using Space Vector Pulse Width Modulation Technique which generate by 
DS1104SL_DSP_PWM3. Figure 9 shows an output voltage of the proposed inverter. Figure 10 shows a 
stator current in phase A. The current wave form is slowly increased until steady state. This current 
growing rate is controlled by Rate-Limiter Control-Block in order to prevent an inrush current from 
starting or varying a motor speed. Figure 11 shows a motor speed signal from start to steady state region 
at 50 Hz reference frequency. 
 Aunnon Buasre and Wanchai Subsingha /  Energy Procedia  34 ( 2013 )  181 – 188 187
  
     Fig. 6. Phase reference voltage Waveforms 0Av and 0Bv         Fig. 7. Phase reference voltage Waveforms 0Bv and 0Cv  
 
  
   Fig. 8. Gate driving signal for Inverter              Fig. 9. Output Voltage Waveforms of the Inverter 
 
  
Fig. 10. Stator current Waveform of DSLIM          Fig. 11. Rotor Speed of DSLIM 
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4. Conclusion 
      This paper presents a double sided Linear Induction Motor control. The control Technique in this 
paper is using an averaging Space Vector Pulse Width Modulation. The experimental results show that 
the prototype system using the dSPACE DS1104 along with MATLAB / SIMULINK, and Control Desk 
program will allows to generating SVPWM signals by varying the frequency and amplitude of the 
reference voltage.  The SVPWM signal is applied to three phase inverter for controlling the movement 
direction of DSLIM. 
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